Enzyme-treated asparagus extract (ETAS) contains various phytochemicals. It has been reported that ETAS protected early cognitive impairment of SAMP8 mice and Aβ-induced reduction of PC12 cell viability. In addition, ETAS had several functions on healthy people. The purpose of the present study was to investigate the effects of ETAS on normal memory function of rats and neurite-outgrowth of PC12 cells. ETAS significantly accelerated learning acquisition in in vivo and neurite-outgrowth in in vitro study. In conclusion, ETAS affected on memory function in early stage in normal rats. The basis of this effect may induce neurite-outgrowth in neurons.
The SAMP8 mice are a non-genetically modified strain of mice with an accelerated aging process [7] . This strain has similar characteristics with aged humans such as a reduced lifespan, lordosis, hair loss, and reduced physical activity [8] . The SAMP8 mice are used as a model of Alzheimer's disease (AD) because it exhibits several AD-like neuropathological changes such as the deposition of Aβ, hyperphosphorylation of tau and oxidative stress in the brain [9] [10] [11] [12] [13] [14] . In order to elucidate the protective effects of ETAS intake on the memory impairment of SAMP8 mice, a contextual fear conditioning test was conducted [5] . The ratio of freezing responses of SAMP8 mice decreased significantly compared with that of SAMR1 mice, which represent normal aging control. The contextual fear memory of ETAS intake SAMP8 mice was maintained at the same level as SAMR1 mice.
In in vitro study, the Aβ-peptide induced cell death in PC12 cells was significantly inhibited by pre-treatment with ETAS, and also suppressed intracellular ROS production [6] . We have shown that rutin, which is one of the primary flavonoids in buckwheat, in the diet may provide a protective effect against spatial memory impairment accompanied by hippocampal pyramidal neuron loss in rats [15] . Rutin also has anti-oxidative effects [16] . The connection of the synaptic circuit from one neuron to the other neuron is crucial in the formation of spatial learning and memory [17] . The decrease of the contextual fear memory of SAMP8 mice may be due to the hippocampal neuron loss and the disconnection of this synaptic circuit. To elucidate several functionalities of ETAS on healthy people, some studies have been conducted. ETAS feeding decreased the incidence of early-morning awakening and improved dream in healthy men with a bit of anxiety about sleep [18] . In the other study, long-term intake of ETAS decreased psychological stress parameters in healthy individuals [19] . However, there is no study about effects of ETAS on memory function in the normal living bodies and cells. In our previous study, we showed that buckwheat hull extract improved the spatial memory in normal rat [20] . Buckwheat was also showed some functionalities, such as antioxidative activities [21] , anti-hypertensive effects [22] and cholesterol-lowering effects [23] . In the present study, we will show about the effects of ETAS on memory function of normal rats and on PC12 cells. As shown in Figure 1 , ETAS significantly accelerated learning acquisition on day 2 in normal rats. On day 3 and 4, the escape latency (%) of ETAS feeding rats was lower than that of control rats, however the differences were not statistically significant. On the other hand, ETAS did not effect on memory consolidation and retrieval (Figure 2 ). On the basis of these results, the neurite-outgrowth of PC12 cells was measured. As expected, ETAS concentration dependently promoted neurite-outgrowth in cultures of PC12 cells (Figure 3) . Effects of ETAS on neurite-outgrowth in cultured PC12 cells in this study would have the effect on the acceleration of learning acquisition. It is worth noting that ETAS-intake facilitated learning acquisition in normal rats and neurite-outgrowth of PC12 cells besides a protective effect of memory impairment and Aβ-peptideinduced neuron death.
In our previous study, the time spent in the platform quadrant of buckwheat hull extract (BWHE)-intake normal rats was higher than that of control rats [20] . In contrast, BWHE did not affect on learning acquisition process in normal rats. These results may show that both ETAS and BWHE modulate memory function in normal rats during different stages of memory formation. In conclusion, ETAS affected on memory function in early stage in normal rats. The basis of this effect may induce neurite-outgrowth in neurons.
Experimental

ETAS:
Enzyme-treated asparagus extract (ETAS) was the final product processed by treating unused residual lower parts of green asparagus (Asparagus officinalis L.) grown in Sapporo, Japan and provided by Amino Up Chemical Co., Ltd. (Sapporo, Japan). Briefly, asparagus stems were extracted with hot water, then treated with cellulose and pectinase. The extract was separated by centrifugation and mixed pinedex as a stabilizer.
Animal care: Four week old male Sprague-Dawley (Jcl:SD) rats were obtained from Clea Japan Inc. (Tokyo, Japan). Rats were housed individually in cages with a 12-hour light-dark cycle (light period, 8:00 to 20:00), and given free access to tap water. All experiments conducted with approval from the guidelines of the Committee for the Ethics on Animal Experiments in Tokyo Healthcare University (Tokyo, Japan).
Study design:
The rats were fed commercial powdered rat chow (CRF-1; Oriental Yeast Co., Ltd., Tokyo, Japan) as control diet (control group) or chow containing 1.5% (wt/wt) ETAS (ETAS group) during the experimental period. Four weeks after the start of the experiment, the rats were subjected to the Morris water maze task (4 training days and a probe trial).
Morris water maze:
The Morris water maze task was used to assess learning acquisition, memory consolidation and memory retrieval. Briefly, in each trial, rats were allowed to swim in water and time required to escape to the hidden platform, called escape latency, was recorded 2 times per day for 4 days. The escape latency (%) was calculated as a ratio based on the data from the first training day (day 1). One day after the last training day (day 4), each rat was subjected to a probe trial, in which the platform was removed from the pool, and the rats were tested in a 120-second spatial probe trial. The time spent in the platform quadrant where the platform had been located during the training days was measured, and the amount of time spent in the platform quadrant was calculated.
Measurement of neurite outgrowth: PC12 cells from the Riken
Cell Bank (Tsukuba, Ibaraki, Japan) were cultured in DMEM with 10% fetal bovine serum, 10% horse serum, 100 unit/mL penicillin and 100 μg/mL streptomycin. The cells ware seeded on poly-Llysine coated 24-well plates at a density of 4×10 4 cells/well and incubated at 37℃ for 10 hours. The cells were then treated with ETAS (0, 0.125, 0.25, 0.5, 1, 10 or 100 μg/mL) for 5 days. After treatment ETAS for 30 min followed by nerve growth factor (100 ng/mL). PC12 cells were fixed for 30 min at room temperature with 4% paraformaldehyde, permeabilized for 10 min with 0.5% Triron X-100 and then blocked for 1 hour with 10% bovine serum albumin in PBS. PC12 cells were incubated overnight at 4°C with antitubulin beta3 antibodies (1:500 dilution in blocking solution). Immunolabeling was visualized with secondary antibodies conjugated to Alexa Fluor 488 (1:500 dilution in blocking solution). Five days after incubation with ETAS, morphometric analysis was performed using a fluorescence microscope connected to a digital camera. Images were prepared using Image J (NIH image).
Data expression and statistical analysis:
Values are represented as the mean±SE. The significance of the differences between the mean values of in vivo assay was assessed using Welch's t-test. The significance of multiple comparisons was determined using 1-way ANOVA, followed by the Tukey-Kramer test. A P-value of < 0.05.
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